Study objective: We assess the methodological quality and prognostic accuracy of clinical decision rules in emergency department (ED) syncope patients.
INTRODUCTION
Syncope is a symptom of cerebral hypoperfusion 1 and is defined as a short, sudden, self-terminating episode of transient loss of consciousness with failure to maintain postural tone. 1, 2 In the United States, it accounts for 0.6% of hospital admissions 3 and up to 1.4% of all emergency department (ED) visits. [4] [5] [6] [7] [8] Patients with syncope who present to the ED can be classified as "stable" or "unstable," depending on their initial presentation (eg, ongoing chest pain, upper gastrointestinal bleeding), vital signs (eg, hypotension, hypoxia), or ECG abnormalities (eg, ischemic changes). 9 Unstable syncope patients represent up to 70% of serious clinical events (myocardial infarction, arrhythmias, hemorrhage) in syncope patients who present to the ED. 5, 10, 11 On the other hand, the evaluation and diagnosis of stable ED patients with syncope is more challenging. Most patients are well-appearing and asymptomatic on arrival, 12 and there are often no witnesses to the event. Emergency physicians are often unable to obtain a detailed and accurate history of the event. Finally, there are myriad possible causes, from benign to life threatening, that may present as syncope. The concern for occult myocardial infarction and transient unidentified arrhythmias in "stable" patients with syncope may lead to hospitalization, with no clear effect on clinical outcome. 2 Evaluation and management of patients with syncope represent a significant economic burden. Between 2000 and 2005, the cost of syncope admissions exceeded $10 billion, with a median cost of hospitalization of $8,579. 3 Time constraints and lack of available diagnostic ancillary studies for evaluation of syncope in the ED make determining the cause and prognosticating the short-term outcome a difficult task. The reported diagnostic yield of the ED evaluation is extremely variable among studies (20% to 70%). [13] [14] [15] [16] Thus, analogous to the evaluation of patients with chest pain, 2 the focus of the ED assessment has shifted from diagnosis to risk stratification, according to clinical factors. 17 Clinical decision rules are tools designed to assist clinicians in making decisions at the bedside. They are derived from original research and incorporate important predictors of outcome from the history, physical examination, and basic diagnostic tests. Clinical decision rules can be used to risk-stratify patients, using the probability of an adverse outcome to inform the course of action, including the need for further testing or observation. 18, 19 Investigators have developed several clinical decision tools and risk scores to predict short-and long-term adverse outcomes in ED syncope patients. The primary purpose of these prediction rules is to aid clinical decisionmaking and to safely determine patient disposition.
In this review, we sought to assess the methodological quality and prognostic accuracy of studies that derived or validated clinical decision rules or risk scores that predict adverse outcomes in adult patients presenting to the ED with syncope.
MATERIALS AND METHODS
The report of this systematic review and meta-analysis is consistent with recommendations from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses, 20 as applicable to diagnostic accuracy reviews. A protocol was developed with input from methodologists with expertise in systematic reviews (M.H.M., V.M.M.) and a content expert (W.W.D.) and is available on request.
Study Design
An expert reference librarian (P.J.E.) designed and conducted a comprehensive literature search, with input from the lead author (L.A.S. Abstracts from the American College of Emergency Physicians, American Academy of Emergency Medicine, and the Society for Academic Emergency Medicine were hand searched from 2007 to 2009. Experts in syncope and clinical decision rule development were consulted for additional published or unpublished reports. We also reviewed the bibliographies of all retrieved articles to identify potentially relevant articles not identified in the electronic search strategy.
The following inclusion criteria were applied according to published methodological standards for clinical prediction rules: 21 (1) prospectively or retrospectively derived or validated clinical decision rules or risk scores that predict subsequent adverse events in patients with syncope; (2) patients presenting with syncope or near syncope to the ED (syncope was defined as a sudden transient loss of consciousness, with loss of postural tone that is brief and self-limiting and resolves without medical intervention); 1,2 (3) based on original research; and (4) inclusion of 3 or more variables from the history, physical examination, and basic diagnostic tests. To conduct a more informative review, we did not exclude studies based on the timing of outcome assessment. Clinical practice guidelines and editorials were excluded. They were, however, used as potential bibliographic sources of eligible primary studies. In view of the inconsistent definition of syncope throughout the medical literature, 22 we excluded studies including patients with other causes of transient loss of consciousness such as seizures, vertigo, hypoglycemia, dizziness, head trauma, coma, shock, and other states of altered mental status. Studies that enrolled patients
Editor's Capsule Summary
What is already known on this topic Prediction rules have been proposed to assist in the identification of syncope patients at low risk for poor short-term outcomes.
What question this study addressed
The authors performed a systematic review that included a meta-analysis of 2 syncope prediction rules for which multiple studies had been published.
What this study adds to our knowledge
Performance of the rules was variable. Outcome rates in the low-risk groups ranged from 2% to 36% and 5% to 13% in the San Francisco and the Osservatorio Epidemiologico sulla Sincope nel Lazio rules, respectively.
How this is relevant to clinical practice
Clinicians should not solely rely on a prediction rule in deciding on the disposition of emergency department patients with syncope.
outside of the ED (ie, hospital ward or outpatient facilities) were excluded.
Two reviewers (L.A.S. and M.F.B.) individually screened all titles and abstracts identified from the search strategy (phase I). Selection was based on potential relevance to the review and according to the predetermined inclusion and exclusion criteria. Reviewers were not blinded to the names of the authors, institutions, journal of publication, or results. Full articles were obtained for all titles and abstracts considered to be potentially relevant by at least one reviewer.
Two reviewers (L.A.S. and M.F.B.) working independently assessed the full-text articles for eligibility (phase II). Disagreements were resolved by consensus or by consulting a third coinvestigator (E.P.H.). We calculated chance-adjusted agreement for full-text inclusion by using statistics with 95% confidence intervals (CIs).
Quality assessment of the clinical decision rules and risk scores was performed at the level of the rule itself and at the level of each study. The rules were classified according to a hierarchy of evidence for clinical decision rules (Table 1) . 23 Each rule was assigned a level (1 to 4) according to the strength of evidence. The individual studies were appraised with methodological standards for the development of clinical decision rules in emergency medicine. 21 Answers were dichotomized as "yes" and "no/unclear." Two reviewers (L.A.S. and M.F.B.) independently evaluated the quality of each included study, and chance-adjusted agreement was determined (, 95% CI).
Two authors (L.A.S. and M.F.B.) independently abstracted data with a standardized data abstraction form. We abstracted the following data from each article: year of publication, setting, objective, predictor variables included, population characteristics (age, sex, medical history, and admission rate), outcome measures, prevalence of adverse outcomes, and duration of follow-up. We also abstracted data needed for 2ϫ2 contingency table analysis.
We contacted the corresponding author and last author for unclear or missing data and confirmed the correctness of the email address by a MEDLINE search of recent articles. If data were presented as a linear risk score, the author was contacted to provide enough information to convert it to a binary risk system. If a study had insufficient data for meta-analysis and no response was obtained after we sent 2 e-mails, made a telephone call, and wrote to the corresponding author and last author, the study was excluded from the quantitative synthesis. Data were entered into Microsoft Office Excel 2003 (Microsoft, Redmond, WA).
Primary Data Analysis
Because of the anticipated clinical heterogeneity between available clinical decision rules (different predictor variables, length of follow-up, and outcome measures), meta-analysis was restricted a priori to studies that derived or validated the same clinical decision rule. Diagnostic test characteristics were calculated with publicly available Meta-DiSc statistical software (Unit of Clinical Biostatistics of the Ramon y Cajal Hospital). 24 Using random-effects meta-analyses, we pooled the sensitivities, specificities, likelihood ratios, and diagnostic odds ratios and estimated 95% CIs for the outcomes of clinical decision rules with 2 or more studies. The diagnostic odds ratio of a test describes the ratio of the odds of a positive result in patients with disease compared with patients without disease. 25 Inconsistency among studies was assessed with the I 2 statistic, which indicates the proportion of variability in study estimates because of between-study heterogeneity. I 2 values of 25%, 50%, and 75% indicate low, moderate, and high heterogeneity, respectively.
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Sensitivity Analyses
We performed a priori subgroup analyses to explain potential heterogeneity among included studies. We hypothesized that heterogeneity in prognostic performance could arise from differences in study design, outcome period, ECG definition, ECG determination, and inclusion of unstable syncope patients. We tested these hypotheses with a test for interaction. 27 Sensitivity analysis were conducted with a bivariate randomeffects model in which the sensitivities and specificities were simultaneously analyzed to derive pooled likelihood ratios, rather than pooling the likelihood ratios directly across studies. 
RESULTS
The electronic search strategy identified 388 records ( Figure  1 ). Two articles (accepted for publication) were obtained from the primary authors. 29, 30 Two duplicate records were removed. Three hundred fifty-five records did not meet inclusion criteria and were excluded. The full text of 31 potentially eligible articles was obtained for review. Full-text review identified 18 studies meeting inclusion criteria (ϭ0.84, 95% CI 62 to 100), representing 9 different clinical decision rules and risk scores. Sufficient data to construct a 2ϫ2 contingency table were directly available from the article in 10 studies, [5] [6] [7] 10, 31, 33, 34, 36, 37 and additional data were provided by the authors for 2 studies. 32, 36 The 12 studies included in the quantitative analysis represent 5 different clinical prediction tools and risk scores.
Characteristics of the included studies are shown in Tables 2  and 3 . The 18 studies comprised a total of 10,994 patients. Nine studies were conducted in the United States, [5] [6] [7] 10, 34, [36] [37] [38] 1 in Canada, 35 40 2 studies predicted outcomes within 1 year, 32,38 and 1 study did not specify the duration of follow-up. 16 There were 4,510 patients (41%) admitted to the hospital. There were 1,437 (13%) patients who had an adverse outcome, including 832 (15%) in the derivation cohorts and 605 (11%) in the validation cohorts. Three hundred eighty-four patients (3%) experienced an adverse outcome that was identified after the initial ED evaluation. In the San Francisco Syncope Rule studies (nϭ5,468) there were 522 (10%) adverse outcomes, and in the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score studies, there were 148 (9%) outcomes. The mean age of patients in the included studies ranged from 50 to 79 years. Seven studies included patients younger than 18 years. 5, 6, 30, 32, 35, 38, 41 The weighted mean age of the 11,032 patients included in the qualitative analysis was 62 years, and 5,908 (55%) were women. Of the studies that reported elements from the medical history, a total of 42% patients had hypertension, 23% coronary artery disease, 8% congestive heart failure, and 12% diabetes mellitus.
The hierarchy of evidence for clinical decision rules 23 is described in Table 1 . Of the 9 clinical decision rules and risk scores included, none were classified as level 1 evidence. Two clinical decision rules 6,32 met criteria for level 2 evidence, and the remaining clinical decision rules or risk scores were derived but not validated 36, 37, 39 or applied to populations without clinicians using the rule 16, 30, 34, 38 and constitute level 4 evidence.
The methodological quality of the derivation studies is shown in Figure 2 . Interobserver reliability for the methodological quality of derivation studies was 92.5% (95% CI 84% to 100%). Blinded assessment of outcome was reported in 5 studies. 6, 30, 34, 36, 37 Explicit assessment of the reliability of the predictor variables (ie, statistics) was reported in 2 studies. 6, 36 Three studies justified the sample size according to mathematical techniques and reported calculation of the sample size. 6, 30, 36 The methodological quality of the validation studies is shown in Figure 3 . Interobserver reliability for the validation studies was 84.9% (95% CI 76% to 94%). All validations except two 7, 35 prospectively validated one or more clinical decision rules. One study reported having a training session for the physicians using the rule. 10 None of the studies accurately applied the clinical decision rule in their validation. The diagnostic accuracy of each study is shown in Table 4 , as is the meta-analysis of each of the 5 included clinical decision rules.
The subgroup analyses of studies evaluating the San Francisco Syncope Rule (1 derivation and 7 validations) and the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score (1 derivation and 2 validations) are shown in Table 5 . Sensitivity analysis conducted with a bivariate random-effect model gave results consistent with those of the original model, and study conclusions seemed robust to the choice of model (for example, bivariate estimates of the diagnostic accuracy of the San Francisco Syncope Rule show a sensitivity of 87% [95% CI 79% to 92%] and specificity of 48% [95% CI 38% to 59%]).
LIMITATIONS
There were a number of studies that were omitted from our meta-analysis because of incomplete prognostic accuracy data, which increases the risk of selection bias and may have affected our summary estimates of prognostic performance. A key limitation of this meta-analysis at the level of the outcome is the diversity of clinical and methodological aspects across studies. In this review, we pooled all studies from the same clinical decision rule regardless of study design, duration of follow-up, or rigor of predictor variable assessment. Pooling across studies with a high degree of clinical and statistical heterogeneity decreases the quality of the synthesized evidence. To identify potential sources of heterogeneity, we examined subgroups to look for homogeneous populations and conducted meta-regression analysis to assess whether differences in study characteristics explain variation in findings.
At the study level, there were several limitations. The absence of an appropriate reference test or criterion standard made the final diagnosis provided to a syncope patient difficult to confirm and subject to variability. 2 This, combined with the differing syncope definitions used across studies, could lead to over-or underestimation of the prognostic accuracy of the included clinical decision rules.
Forty-four percent of the derived rules 16, 32, 38, 39 did not report blinding outcome assessors, representing a potential source of observation bias. The use of clinical decision rules in different populations or subgroups than those originally intended could have resulted in spectrum bias.
DISCUSSION
Our review has several strengths. The meta-analyses reported here combine data across studies from the same clinical decision rule to estimate their prognostic accuracy with greater precision than is possible in a single study. We took steps to minimize the potential of publication and selection bias by conducting a protocol-driven review that included an exhaustive search (including extensive author contact) and explicit methodology for study selection, data extraction, and analysis. To our knowledge, this is the first systematic review and meta-analysis to evaluate the methodological quality and prognostic accuracy of clinical prediction guides for ED patients with syncope. Overall, this review included a limited number of medium-size studies with differing degrees of methodological quality. Although the small number of included studies likely limited our ability to detect meaningful differences on subgroup analysis, differences in study design and ECG interpretation may account for the variable prognostic performance of the San Francisco Syncope Rule when validated in different practice settings.
Quality of the clinical decision rules and risk scores at the individual study level was limited, primarily because study findings have not been externally validated. Only the San Francisco Syncope Rule and the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score have been validated in more than one practice setting (level 2 evidence) and could therefore be considered for use in clinical practice.
Eight of the 9 studies had methodological weaknesses in the derivation phase. Deficiencies in outcome measure assessment (blinding) increased the risk of observation bias. Knowing that a patient had an adverse outcome, for example, may influence retrospective predictor variable assessment. 21 Only 2 studies assessed the interrater reliability of the predictor variables. Demonstration of interrater reliability is important in the derivation of clinical prediction rules because it determines which variables are sufficiently reliable to consider for incorporation in the rule.
Quinn et al 6 validated the San Francisco Syncope Rule in a single-center, prospective sample of 791 patients. The prognostic performance in the derivation phase was promising. However, when Sun et al 10 externally validated the San Francisco Syncope Rule, rule performance was suboptimal. In the original San Francisco Syncope Rule, syncope was defined as transient loss of consciousness with return to baseline neurologic function, and abnormal ECG was defined as any rhythm other than sinus or any new changes. Sun et al 10 defined syncope as transient loss of consciousness and abnormal ECG as any rhythm other than sinus, any bundle branch block, left-axis deviation, mono-or biventricular hypertrophy, any abnormal conduction interval except for first-degree atrioventricular block, any Q-, ST-, or T-wave change consistent with ischemia (acute or chronic), or isolated, nonspecific ST-or T-wave abnormalities. Altering the description of the patient population and the definition of important predictor variables could have resulted in differences in patient selection or misclassification of participants and therefore discordant results on validation. To assess the accuracy of a clinical prediction rule, validation studies should correctly apply the rule itself. 21 Other studies have validated the San Francisco Syncope Rule and Osservatorio Epidemiologico sulla Sincope nel Lazio risk score by using different study designs and different individuals who interpreted the ECG (eg, researcher, cardiologist, the emergency physician caring for the patient). Prospective validation by clinicians using the rule is important to ensure that the clinical decision rule works when applied in the clinical setting. 23 It determines how the rule is being used in practice and its effect on patient care and outcome. 42 Statistical validation decreases the probability that the clinical decision rule reflects associations that are due primarily to chance; however, it does not address factors such as rule application feasibility and implementation, which can compromise its prognostic performance. 23 Subgroup analysis of San Francisco Syncope Rule studies revealed that studies with prospective designs outperformed those with retrospective designs. It is also surprising that studies in which the emergency physician caring for the patient interpreted the ECG outperformed those in which the researcher or cardiologist interpreted the ECG. It is possible that additional information available to the clinician affected subjective ECG interpretation. In addition, although there were no statistically significant differences in prognostic accuracy between San Francisco Syncope Rule studies based on these elements, the small number of studies included in the review limited our ability to detect meaningful differences. Thus, it is still possible that differences in ECG interpretation account for the variable performance of the San Francisco Syncope Rule. We identified 2 clinical decision rules for ED syncope patients that were sufficiently developed to consider for use in practice (level 2 evidence): the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score 32 and the San Francisco Syncope Rule. 6 The San Francisco Syncope Rule represents one of the first clinical decision rules in syncope derived according to published methodological standards and the only one that predicts short-term outcomes. It was prospectively derived in 684 patients by Quinn et al 6 in 2004. Adverse outcomes, which included a large spectrum of clinical events, diagnoses, and inhospital interventions, were assessed within 7 days of the initial ED visit. The San Francisco Syncope Rule has been externally validated in several settings, with variable prognostic performance. The prevalence of adverse outcomes in patients classified as San Francisco Syncope Rule negative ranged from 2% 5 to 36% 31 across studies. In our meta-analysis, the pooled sensitivity and specificity estimates for the San Francisco Syncope Rule were lower than in the original study and showed considerable inconsistency. We did not find a statistically significant explanation for the variability of these results. However, study design (prospective versus retrospective) and ECG determination (evaluating physician versus researcher or cardiologist) approached statistical significance. Given the small number of studies included in the review and the limitations of interaction testing, we likely had insufficient power to detect potentially meaningful differences in rule performance because of these factors. 27 In 2003, Colivicchi et al 32 derived and validated the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score. They found that an abnormal ECG result, a history of cardiovascular disease, lack of prodrome, and age older than 65 years predicted all deaths at 1 year in the 2 cohorts. Subsequent validations were not able to reproduce their results. The prevalence of adverse outcomes in patients classified as "low risk" by the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score (score of 0 to 1) ranged from 5% 30 to 13%. 29 When pooled, the Osservatorio Epidemiologico sulla Sincope nel Lazio risk score showed substantial inconsistency across studies, which could not be explained by differences in outcome period.
All the clinical prediction guides included in the review need further development before they can be routinely used in clinical practice. Future clinical decision rules for syncope should carefully define the patient population selected, clearly define a clinically important definition of abnormal ECG, and adhere to current methodological standards for clinical prediction rules. The methodological quality and prognostic accuracy of current clinical decision rules for syncope are limited, and the prognostic performance of the San Francisco Syncope Rule and Osservatorio Epidemiologico sulla Sincope nel Lazio risk score varied between studies. Although the small number of included studies likely limited our ability to detect meaningful differences on subgroup analysis, differences in study design and ECG interpretation may account for the variable prognostic performance of the San Francisco Syncope Rule when validated in different practice settings.
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